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An accurate and unified description of the non-hadronic electroweak interactions
of light- and heavy-mesons is possible when the dressing of quark propagators and
the finite size of hadronic bound states is explicitly accounted for.
The study1 of non-hadronic electroweak interactions is an excellent way
to learn more about the long-range behaviour of the QCD interaction because
the probes are very well understood. This is important2 because only with a
quantitative understanding of this part of the interaction can the properties of
the deconfinement and chiral symmetry restoration transitions be determined.
Light- and heavy-mesons are bound states of a dressed-quark and -anti-
quark. That dressing is described3 by the quark Dyson-Schwinger equation
(DSE). Heavy quarks are distinguished by their almost momentum-indepen-
dent mass function, which suggests the approximation:
S−1Q (p) = iγ · p+ MˆQ , Q = c, b , (1)
where MˆQ is a constituent-heavy-quark mass parameter. This behaviour is
in marked contrast to the significant momentum dependence1 of light u-, d-,
s-quark propagators.
Bound states are described by a Bethe-Salpeter amplitude, which char-
acterises the restrictions on the relative momentum of the constituents. This
means that a further approximation to Eq. (1)
SQ(k + P ) =
1
2
1− iγ · v
k · v − EH
+O
(
|k|/MˆQ, EH/MˆQ
)
(2)
where Pµ =: mHvµ =: (MˆQ+EH)vµ, mH is the hadron’s mass and k is the mo-
mentum of the lighter constituent, can only be reliable if both the momentum-
space width of the Bethe-Salpeter amplitude, ωH , and the binding energy, EH ,
are significantly less than MˆQ.
1
Obs. Calc. Obs. Calc.
fpi 0.131 0.146 mpi 0.138 0.130
fK 0.160 0.178 mK 0.496 0.449
〈u¯u〉1/3 0.241 0.220 〈s¯s〉1/3 0.227 0.199
〈q¯q〉
1/3
pi 0.245 0.255 〈q¯q〉
1/3
K 0.287 0.296
fρ 0.216 0.163 fK∗ 0.244 0.253
Γρpipi 0.151 0.118 ΓK∗(Kpi) 0.051 0.052
fD 0.200 ± 0.030 0.213 fDs 0.251 ± 0.030 0.234
fB 0.170 ± 0.035 0.182 gBK∗γMˆb 2.03 ± 0.62 2.86
fB→D+ (0) 0.73 0.58 fpirpi 0.44 ± 0.004 0.44
Fpi (3.3GeV2) 0.097 ± 0.019 0.077 B(B → D
∗) 0.045 ± 0.003 0.052
ρ2 1.53 ± 0.36 1.84 αB→D
∗
1.25 ± 0.26 0.94
ξ(1.1) 0.86 ± 0.03 0.84 AB→D
∗
FB 0.19 ± 0.031 0.24
ξ(1.2) 0.75 ± 0.05 0.72 B(B → pi) 1.8± 0.6×10−4 2.2
ξ(1.3) 0.66 ± 0.06 0.63 fB→pi+(14.9GeV2) 0.82 ± 0.17 0.82
ξ(1.4) 0.59 ± 0.07 0.56 fB→pi+(17.9GeV2) 1.19 ± 0.28 1.00
ξ(1.5) 0.53 ± 0.08 0.50 fB→pi+(20.9GeV2) 1.89 ± 0.53 1.28
B(B → D) 0.020 ± 0.007 0.013 B(B → ρ) 2.5± 0.9×10−4 4.8
B(D → K∗) 0.047 ± 0.004 0.049 fD→K+ (0) 0.73 0.61
V (0)
A1(0)
D→K∗
1.89 ± 0.25 1.74 fD→pi+ (0) 0.73 0.67
ΓL
ΓT
D→K∗
1.23 ± 0.13 1.17 gB∗Bpi 23.0 ± 5.0 23.2
A2(0)
A1(0)
D→K∗
0.73 ± 0.15 0.87 gD∗Dpi 10.0 ± 1.3 11.0
Table 1: The 16 dimension-GeV (upper section) and 26 dimensionless (lower section) quan-
tities used in χ2-fitting the parameters. The “Obs.” column contains other calculations or
experimental results4,6,7−12.
The DSE framework reproduces all of the acknowledged consequences of
heavy-quark symmetry and predicts that the mass of a heavy-meson rises lin-
early with the current-mass of its heaviest constituent.1 This last result follows
from a simple formula, exact in QCD,4,5 which also yields the Gell-Mann–
Oakes–Renner relation in the limit of small current-quark masses and hence
unifies the heavy- and light-quark extremes.
Earlier work3 provides the foundation for a phenomenological application
of the DSEs to an extensive but not exhaustive body of observables:1 heavy-
meson leptonic decays, semileptonic heavy-to-heavy and heavy-to-light tran-
sitions - B → D∗, D, ρ, pi; D → K∗, K, pi, radiative and strong decays -
B∗(s) → B(s)γ; D
∗
(s) → D(s)γ, Dpi, and the rare B → K
∗γ flavour-changing
2
neutral-current process. A characterisation of the dressed-quark propagators
and bound state amplitudes employing ten parameters, plus the four quark
masses, is used in a χ2-fit to Nobs = 42 heavy- and light-meson observables.
This yields current-quark masses mu,d = 5.4MeV, ms = 119MeV, consti-
tuent-quark masses Mˆc = 1.32GeV, Mˆb = 4.65GeV, and ωH = 1.81GeV
for the width of the Gaussian Ansatz for the heavy-meson Bethe-Salpeter am-
plitude, with χ2/d.o.f = 1.75 and χ2/Nobs = 1.17. The quality of the fit is
illustrated in Table 1.
The results indicate that the heavy-meson binding energy is large, which
means that in current experiments there is a signficant deviation from the
predictions of heavy-quark symmetry, even in many ratios of observables. The
deviations are ∼
< 30% in b → c transitions and can be as large as a factor of
2 in c → d transitions. Further, the demonstrated phenomenological efficacy
of Eq. (1) and the more sophisticated description required for the light-quark
propagator provides semi-quantitative constraints4 on the behaviour of the
QCD interaction at large distances.
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